Both maternal exposure to stressors and exposure of offspring to stressors during early life can have lifelong effects on the physiology and behavior of offspring. Stress exposure can permanently shape an individual's phenotype by influencing the development of the hypothalamic-pituitary-adrenal (HPA) axis, which is responsible for the production and regulation of glucocorticoids such as corticosterone (CORT). In this study we used captive zebra finches (Taeniopygia guttata) to examine the effects of matching and mismatching maternal and early post-natal exposure to one of two types of antigens or a control on HPA axis reactivity in adult offspring. Prior to breeding, adult females were injected with lipopolysaccharide (LPS), keyhole limpet hemocyanin (KLH) or a control. Offspring of females in each of the three treatments were themselves exposed to LPS, KLH or a control injection at 5 and 28 days post-hatch. When offspring were at least 18 months of age, standardized capture and restraint stress tests were conducted to determine the impact of the treatments on adult stress responsiveness. We found significant interaction effects between maternal and offspring treatments on stress-induced CORT levels, and evidence in support of the environment matching hypothesis for KLH-treated birds, not LPS-treated birds. KLH-treated offspring of KLH-treated mothers exhibited reduced stress-induced CORT levels, whereas LPS-treated or control offspring of KLH-treated mothers exhibited elevated stress-induced CORT levels. Although the treatment effects on baseline CORT were non-significant, the overall pattern was similar to the effects observed on stress-induced CORT levels. Our results highlight the complex nature of HPA axis programming, and to our knowledge, provide the first evidence that a match or mismatch between pre and post-natal antigen exposure can have life-long consequences for HPA axis function.
Introduction
Adverse early life environments in humans can elevate the risk of both physical and psychiatric disorders in adulthood (e.g., Batten et al., 2004; Goodwin and Stein, 2004; Phillips et al., 2005; Read et al., 2005; Anda et al., 2006) . The ''developmental origins of health and disease'' hypothesis proposes that pre-natal and postnatal environments play unique roles in influencing adult health and the risk of disease development (Godfrey, 2006) . Early life experiences can permanently alter the organizational structure and sensitivity of physiological systems, thereby affecting the manner in which an individual responds to both intrinsic and extrinsic changes. For example, there is evidence that pre-natal and post-natal environments can program the sensitivity of the hypothalamic-pituitary-adrenal (HPA) axis (Shanks et al., 1995; Meaney, 2001; Karrow, 2006; Champagne et al., 2008; Love et al., 2013) . The HPA axis is responsible for the production of glucocorticoids (GCs), which are involved in a suite of physiological and behavioral processes. Baseline levels of GCs are important for the maintenance of homeostasis, whereas the release of elevated levels of GCs in response to stressors initiates a cascade of physiological and behavioral changes to help organisms cope with environmental challenges (Breuner et al., 2008) .
The sensitivity of the HPA axis to pre-natal and post-natal experiences is thought to be an adaptive mechanism that allows individuals to cope with current environmental conditions (Karrow, 2006; Love et al., 2013) , and to potentially prepare for expected future conditions (Gluckman et al., 2005; Love and Williams, 2008a; Zimmer et al., 2013) . This programming effect may represent a ''predictive adaptive response'' (PAR -Gluckman et al., 2005) . PARs are thought to prepare an individual to cope with anticipated high or low levels of stressors (based on conditions http://dx.doi.org/10.1016/j.bbi.2014.12.013 0889-1591/Ó 2014 Elsevier Inc. All rights reserved.
